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(57) Abstract 



Organic material in waste water is treated by aerobic digestion by bacteria in a reaction vessel. A proportion of the bacteria in the 
reaction vessel are deactivated to modify the concentration of active bacteria. This deactivation is accomplished by providing a region of 
high mechanical shear stress in the liquid so that floes of bacteria are broken up. Resulting loose bacterial cells and small floe particles 
encourage an increase in the population of higher life forms, protozoa and rotifers, which predate on these lone cells and small particles. 
By controlling the level of predation by higher life forms, the effective death rate of bacteria is increased so that the overall biomass in the 
reaction zone can be maintained constant even though sufficient organic material is supplied in the waste water for the bacterial population 
to respire as in a growth phase. Hie resulting high respiration rate minimises the overall production of sludge without excessive residence 
times in the reaction zone. 
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METHODS AND APPARATUS FOR USING 
MICRO-ORGANISMS TO TREAT ORGANIC MATERIAL 
FOUND IN WASTE WATER 



The present invention relates to methods of using 
laicro-organisms to treat organic material found in waste 
water and to apparatus for putting the methods into 
effect. The present invention is directed towards the 
treatment of waste water to yield an environmentally 
acceptable effluent. It is envisaged that the present 
invention may be used to treat all types of biodegradable 
waste water or sewage, including municipal, industrial and 
agricultural waste water. 

Waste water commonly contains both organic and 
inorganic solids of various forms. In addition, organic 
material is commonly present in the waste water in 
solution and as colloidal and/or particulate matter. A 
standard measure of the organic material present in the 
waste water is its Biological Oxygen Demand (BOD) . Waste 
water having a high BOD tends to encourage the 
proliferation of micro-organisms which feed on the organic 
material. When such waste water is discharged into 
natural waters such as rivers. The micro-organisms will 
consume any oxygen dissolved in the water, resulting in an 
environment which will not support higher forms of life 
such as plant life or fish. Discharge of waste water 
having a high BOD is therefore environmentally 
unacceptable. In addition, the presence of pathogenic 
micro-organisms and toxic compounds in particular waste 
waters constitutes a health hazard. Regulations are now 
being effected in many countries in which the discharge of 
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effluent not environmentally acceptable will incur 
substantial financial penalties. 

A typical treatment scheme for treating waste 
water containing organic material can involve a number of 
treatment stages although not all of these stages may be 
necessary for every effluent. A pre-treatment is required 
if the effluent contains gross inorganic solids or very 
high concentrations of fats. The pre-treatment stage may 
also be useful for balancing concentrations if these vary 
excessively. A primary or pre-biological treatment stage 
is generally necessary if the waste water contains organic 
solids which may be readily separable. This 
pre-biological treatment stage will include a separation 
stage which produces an organic sludge and an effluent. 
The effluent from the pre-biological treatment stage is 
passed to a biological treatment stage which is used to 
convert organic material still dissolved or held in 
suspension in the effluent into an organic sludge which 
can be separated from the effluent, or into mineralised 
products. The sludge produced by the pre-biological 
treatment and biological treatment stages may be treated 
to reduce its volume and to convert it to a more 
environmentally acceptable form. The effluent from the 
biological treatment stage may be further treated to 
reduce the level of fine suspended solids, to reduce the 
concentration of mineralised products from the 
pre-biological and biological treatments, or to reduce the 
concentration of toxic or persistent compounds in the 
effluent before final discharge into the environment. 

Numerous aerobic processes have been developed 
over the years for the biological treatment of waste water 
to yield an environmentally acceptable effluent. One 
widely used aerobic process for such treatment is referred 
to as the activated sludge process, so called as it 
involves the production of an activated mass of 
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micro-organisms capable of stabilising a waste 
aerobically. Organic material in the waste water is 
converted into a solid form which can be separated from 
purified water. A portion of the insoluble sludge that is 
formed is recycled to the aerobic zone to maintain a 
specific solids concentration and biological activity. 

In the activated sludge process the bacteria are 
the most important micro-organisms because they are 
responsible for the decomposition of the organic material 
in the waste water ^ The bacteria form floes which is a 
prerequisite for the effective separation of the 
biological solids in the settling unit. The floes also 
trap solids in the waste water for subsequent 
degradation. The metabolic activites of other 
micro-organisms are also important in the activated sludge 
system. Protozoa and rotifers act as effluent polishers 
since protozoa consume dispersed bacteria that have not 
flocculated, and rotifers consume small biological floe 
particles that have not settled. The protozoa and 
rotifers are typically less than 5% of the dry weight in 
activated sludge solids. 

Many versions of the activated sludge process are 
in use, but fundamentally they are all similar. In these 
systems there is a significant net positive production of 
sludge containing suspended solids in the process. Excess 
sludge must be discarded on a periodic basis from the 
process. The excess sludge may, in theory, simply be 
discharged to land or water, but more usually the cost of 
transport and environment legislation make treatment of 
the sludge necessary before disposal. In particular, the 
presence of micro-organisms in the sludge may, as in the 
waste water, constitute a health hazard and result in an 
environmentally unacceptable discharge. A major cost of 
biological effluent treatment is that associated with the 
processing of the solid - the thickening, stabilisation 
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and dewatering required to dispose of the sludge. Sludge 
costs are typically 50% of total treatment costs. 
Thickening is generally employed to further concentrate 
the solids in the sludge prior to stabilisation or further 
digestion. Thickening may be accomplished by gravity 
thickening, pressing or dissolved air flotation. Various 
processes have been proposed to stabilise the sludge or to 
reduce the production of sludge. 

Various processes have been proposed to stabilise 
the sludge or to reduce the production of sludge. One 
proposed technique for treating such sfudge involved 
extended aeration which increased the degree of 
auto-oxidation, i.e. the sludge became self consuming to 
some degree by a process known as endogenous respiration, 
and there was a net reduction of such sludge. 
Unfortunately, the rate of oxidation was generally too low 
to have a significant effect on net sludge production. 
Furthermore, the requirement for extending the time for 
which the sludge was exposed to the micro-organisms 
created further problems because of large plant size and 
high operating costs. 

US-A-491584 0 (Rozich - Assigned to Bio Process 
Engineering Inc.) discloses a process involving hydrolysis 
of the heavy sludge fraction and the use of an auto 
thermal aerobic digester zone. In the basic process, 
sewage is charged to a primary clarif ier where grit and 
inorganic and heavy organic materials are separated from 
the waste water by gravity to leave organic material 
dissolved or suspended in the water. The effluent from 
the primary clarifier is then charged to an initial 
aerobic zone where the organic material remaining in the 
effluent is contacted with an oxygen containing gas and 
biologically active organisms. This results in a mixed 
liquor of liquid and organic solids which is then 
separated into a heavy sludge fraction and a disposable 
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effluent (which can be discharged to the external 
environment) . The heavy sludge fraction comprising 
organic solids and some liquid is hydrolysed by contact 
with acid or base and the resulting hydrolysed sludge is 
combined with sediment from the primary clarifier and 
charged to an auto thermal aerobic digester zone. The 
extent of hydrolysis is controlled such that the rate of 
biological digestion in the auto thermal aerobic digester 
zone results in the production of an effluent containing a 
preselected concentration of organic matter. By proper 
control, a preselected net generation of sludge is 
produced by the aerobic sludge generating process thereby 
resulting, in an overall preselected sludge reduction. In 
one example disclosed, the mean hydraulic time for the 
aerobic time was eight hours and the mean hydraulic time 
for the auto thermal aerobic digester was 18 days. 

It is an object of the present invention to 
provide improved methods and apparatus for treating 
organic material found in waste water with minimum net 
sludge production. In considering the prior art 
processes, the inventors have appreciated that a 
significant feature of the treatment of sludge is the 
control of the concentration of micro-organisms present in 
the aerobic zone. Micro-organisms exposed to organic 
material in the presence of oxygen will consume the 
organic material to grow and reproduce. The conversion of 
organic material to micro-organism biomass is not 100% 
efficient as some of the organic material is broken down 
into carbon dioxide and water during the process of 
respiration required to generate energy for growth and 
reproduction. In addition, there are maintenance energy 
requirements by the microbial cell which is supplied by 
both substrate breakdown and biomass degradation. 
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The overall demand from both maintenance energy 
supplying routes is substrate dependent, and energy from 
biomass degradation is in itself growth-rate dependent. 
In conventional activated sludge systems as 
micro-organisms reproduce by dividing, there is a net 
exponential increase in micro-organisms if sufficient 
organic material and oxygen is made available, resulting 
in the above mentioned net sludge production. If the 
system is substrate limited, cell growth is lower and 
therefore less sludge is produced but with the 
disadvantage of much slower substrate removal rates. 

The use of the extended aeration process reduces 
the net production of sludge because it limits the organic 
material available to the micro-organisms. Thus, the rate 
of production of new micro-organisms is decreased and the 
natural processes of cell death and endogenous respiration 
(respiration using the stored organic material in the 
micro-organisms) result in a net negative growth rate. In 
auto thermal aerobic digestion, the digester is operated 
at elevated temperatures such that the rate of biological 
digestion is increased at these higher temperatures. 
However, although the rate of biological digestion is 
increased in auto thermal aerobic digestion, it appears 
that the principle of extended aeration is still used as 
indicated by the hydraulic residence time, in the example 
of US-A-4915840, of 18 days. 

In contrast to the above approaches, the inventors 
have appreciated that the production of sludge may be 
controlled or even eliminated by deactivating a proportion 
of the bacteria present in the system. In this way the 
total number of bacteria in a reaction zone can be 
maintained substantially constant whilst maintaining a 
high rate of aerobic digestion and respiration. 
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In one aspect the invention provides a method of 
using micro-organisms to treat organic material found in 
waster water, the method including the steps of: 

a) supplying waster water to a reaction zone for 
aerobic digestion of organic material in the waster water 
by bacteria; 

b) removing a portion of the contents of the reaction 
zone to produce a liquid fraction and a separated sludge 
fraction; 

c) returning the whole of the separate sludge 
fraction to the reaction zone; and 

d) deactivating a proportion of the bacteria in the 
reaction zone to modify the concentration of active 
bacteria in the reaction zone. 

In this aspect of the present invention, the 
inventors have appreciated that, if the quantity of 
bacteria in the reaction zone is controlled, then sludge 
generated by the bacteria in the reaction zone may be 
maintained in the reaction zone instead of having to be 
separated and treated in a separate process • Thus, when a 
liquid fraction is removed from the aerobic zone as 
effluent, any sludge removed with the liquid fraction may 
be separated and returned to the reaction zone and used in 
the aerobic digestion. Separate treatment of sludge is 
thereby avoided and the product of the treatment is 
primarily carbon dioxide and water which can be easily 
disposed. 

Advantageously, the organic material supplied to 
the reaction zone in the wastewater is sufficient for the 
bacteria population in the reaction zone to be respiring 
as in a growth phase, preferentially as in an exponential 
growth phase. In view of the control of the concentration 
of bacteria in the reaction zone, it is not necessary for 
sludge reduction, to operate the treatment system in a 
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state where the growth of bacteria/biomass does not exceed 
the normal reduction of biomass due to cell death and 
endogenous respiration- Instead, the deactivation of 
bacteria provided by the present invention contributes to 
reducing bacteria numbers such that the net increase in 
bacteria within the reaction zone is not in fact 
exponential. Advantageously, the proportion of bacteria 
from the reaction zone which are deactivated is sufficient 
to maintain the concentration of active biomass in the 
reaction zone substantially constant. 

Advantageously, the deactivating step uses 
non-chemical means. As many chemicals which would be 
capable of deactivating micro-organisms are toxic to other 
forms of life, the use of non-chemical means to deactivate 
the bacteria avoids the need to have a separate zone for 
the deactivation or to provide means for separating the 
chemicals before the effluent is discharged to the 
external environment . 

Thus, a second aspect of the invention provides a 
method of using micro-organisms to treat organic material 
found in waster water, the method including the steps of: 

a) supplying waster water to a reaction zone for 
aerobic digestion of organic material in the waster water 
by bacteria; and 

b) deactivating a proportion of the bacteria in the 
reaction zone by non-chemical means to modify the 
concentration of active bacteria in the reaction zone. 

Conveniently, the bacteria are deactivated by 
breaking up floes of bacteria to provide loose bacterial 
cells and small floe particles in the reaction zone to 
enhance consumption of bacteria by higher organisms. 
Preferably a mechanical force is used such as a region of 
high shear stress. The mechanical force may be generated 
by a jet of fluid. Most advantageously, the bacteria are 
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deactivated during aeration of the reaction zone. In this 
way, the two steps of deactivation and aeration may be 
combined, 

A third aspect of the invention provides a method 
of using micro-organisms to treat organic material found 
in waste water, the method including the steps of: 

a) supplying waste water to a reaction zone for 
aerobic digestion if organic material in the waste water 
by bacteria; 

b) controlling the rate of supply of the waste water 
to be sufficient for the bacteria population of the 
reaction zone to be respiring as in a growth phase; and 

c) deactivating a proportion of the bacteria in the 
reaction zone to maintain constant the concentration of 
active bacteria in the reaction zone relative to the 
organic material. 

As previously discussed, if the concentration of 
active bacteria in the reaction zone is maintained 
constant, the production of sludge is thereby controlled. 

Embodiments of the present invention will now be 
described, by way of example only, and with reference to 
the accompanying drawings in which: 

Figure 1 shows schematically an embodiment of an 
apparatus provided in accordance with the present 
invention including an aerator effective to modify 
micro-organisms ; 

Figure 2 shows an embodiment of a venturi aerator 
for use in the apparatus of Figure 1, the aerator 
including a nozzle for producing the venturi effect; and 

Figure 3 shows the nozzle of Figure 2 in greater 

detail . 
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Figure 1 shows, schematically, an apparatus for 
treating raw unsettled sewage and incorporating the 
apparatus of the present invention- Rags and other gross 
solids ("screen solids"), are removed from the raw sewage 
as the sewage is passed through screens 1. Large 
inorganic grit solids are removed via the gritting lanes 
2. The remaining sewage liquor flows continuously into a 
well mixed reaction vessel 3 at a controlled rate of 
between l/6th and 1/2 4th of the volume of the reaction 
vessel per hour. Treated liquor overflows from the vessel 
in order to ensure the sewage liquor has a mean residence 
time in the reaction vessel of between 6 and 24 hours. 
During this period, the sewage liquor is brought into 
contact with micro-organisms which feed on the dissolved, 
colloidal and particulate organic material in the sewage 
liquor. As the micro-organisms respire, organic material 
consumed by the micro-organisms are converted into carbon 
dioxide and water with the generation of energy in a form 
which may be used by the micro-organisms to grow and 
reproduce. The rate of growth of a population of 
micro-organisms is dependent upon a number of 
environmental factors. In particular, the activity of the 
population is affected by the concentration of nutrient, 
the level of dissolved oxygen, the temperature and the 
pH. The level of dissolved oxygen, temperature and pH can 
be controlled by correct design and operator input. 
However, the correct level of nutrient for a process to 
operate is dependent upon many other factors, not least 
the history of the micro-organisms and the history of the 
nutrient supplied. These control the size and the nature 
of the population of the micro-organisms. 

When a population of micro-organisms is fed with a 
batch of sludge with large organic content, the population 
of micro-organisms is small relative to the high 
concentration of nutrients and so the rate of growth of 
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micro-organisms is large as the micro-organisms reproduce 
by dividing. This stage is often known as the exponential 
growth phase of the population. 

In the circumstance that no further nutrient is 
added, the concentration of micro-organisms can greatly 
exceed the concentration of nutrient. This encourages the 
growth of protozoa, such as flagellates and ciliates which 
prey on the simple micro-organisms (bacteria) . The 
overall rate of growth of the micro-organism population 
thereby decreases as the number of simple micro-organisms 
consumed begins to approach the number of micro-organisms 
produced by cell division. This phase is often known as 
the declining growth phase. In addition, as the 
concentration of nutrients becomes limiting, the 
micro-organisms begin to respire using nutrients in their 
own bodies. This phase is known as the endogenous 
respiration phase. Finally, large quantities of cells die 
and cells lysis or decomposition takes place. This 
process can release nutrient and cause resynthesis of the 
population. Indeed, cyclic growth and decline of 
micro-organism population is often observed in the 
circumstance of batch feeding of sludge (e.g. in prior art 
extended aeration treatments) . 

The rate of growth in all of the phases described 
above can be described by the equation 

£2i = /iX - keX - krfX 
dt 

where X is the concentration of micro-organisms 

A* is the specific growth rate. This is a measure 

of the rate of cell division. 

k^ is the specific endogenous respiration rate. 

This is the utilisation of stored cellular materials 

ending in cell lysis. 
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is the predatory rate. This is a measure of 
the feeding of other micro-organisms (protozoa and 
rotifers) on the bacterial population. 

Previously, k^ and k^ have been combined for 
analysis purposes, because they typically are only of 
significance compared to the growth term when retention 
times are high, food to micro-organism ratios are low and 
the sludge is in the endogenous respiration phase. The 
effects of death and endogenous respiration are then hard 
to separate. Values of (k^ + k^) are typically 
between 0.02 per day and 0.1 per day in this phase. In 
the exponential growth phase, when food to micro-organism 
ratios are high, then the specific growth rate can be as 
high as 5 per day. In the endogenous phase growth rates 
are below 0.1 per day. 

Conventionally, a negative growth rate has been 
achieved only by holding the sludge at a low food to 
micro-organism ratio, either by a slow rate of feed or 
holding the sludge for tens of days (extended aeration) . 

Consequently the rate of decrease of sludge is 
very slow, because it is controlled by the natural 
endogenous respiration of the population and death of the 
micro-organisms from "natural" causes. 

Oxygen transfer is a critical feature in waste 
water treatment and is the limiting factor in many 
processes, and due to the low solubility of oxygen in 
solution is very energy intensive. The aeration system 
developed for this treatment process provides the two 
prime requirements for successful biological oxidation: 
efficient transfer of oxygen from the air into the waste 
water being treated, and strong stirring action to keep 
the waste water and biomass in intimate contact. The 
enhanced oxygen transfer and fluid motion across the 
bacterial cell surface means that substrate uptake by 
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bacteria is also increased and therefore, the substrate in 

the waste water becomes limiting so that additional energy 

now required is obtained by the digestion of bacteria by 

other bacteria, therefore k increases. The second 

e 

effect of the system on the microbial population is the 

creation of conditions favourable to certain protozoa. 

The shearing effect of the aeration system sloughs off 

cells from floes and breaks some large floes into smaller 

ones. The result in shearing a proportion of the floes is 

an increased availablility of loose bacterial cells for 

ingestion by ciliated protozoa and rotifers, resulting in 

increased population sizes of these organisms, and 

therefore in k, • 
a 

The combined result of floe shearing and the 
increase in oxygen transfer, and therefore substrate 
uptake rate, is a constant active sludge concentration in 
the reactor. Furthermore, this is achieved with high feed 
rates and low hydraulic ^rvesj^dejnce times, and therefore in 
conditions typical of exponential growth in population in 
conventional processes. The rate of change of substrate 
concentration, or alternatively the rate of feed to the 
process at constant substrate concentration, is controlled 
by the rate of feeding of the micro-organisms and the 
numbers of protozoa. 

In the embodiment of Figure 1, the physical stress 
on the micro-organisms is imposed by an aerator 
arrangement 4. In the arrangement 4, sludge is removed 
from the reaction vessel 3 and propelled through a loop 
4a, preferentially a closed loop, by a pump 4b. The loop 
4a includes a venturi aerator 4c which effects efficient 
transfer of oxygen from air into the sludge and agitates 
the treated sludge to keep the sludge and active 
micro-organisms well mixed. The venturi aerator 4c may be 
of the self -entraining type, in which the air is 
introduced purely by pumping sludge through the venturi 
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aerator, or of the blown type, where the self -entrained 
air is suppleinented by additional air supplied to the 
venturi unit from a low pressure Roots blower 4d which can 
supply large volumes of air at relatively low pressure 
^ ratios. Hence, sludge, including micro-organisms, is 
continuously abstracted and circulated through the 
aeration device. The use of the aerator arrangement 
enables oxygenation of the sewage liquor and mixing of the 
sewage liquor/micro-organism mixture to be achieved 
simply, reliably and with low power consumption. 

This very efficient transfer of oxygen into the 
liquor and accompanying strong stirring action enhances 
substrate uptake by bacteria to such an extent that the 
uptake becomes substrate limited so that k is increased. 

> After Residing )in the reaction vessel 3 for the 

required mean period, the treated liquor flows into a 
separation device 5 which is able to separate typically 
96% of volatile organic solids and 92% of inorganic solids 
from the effluent. The separated solids, the solid 

K.- fraction, is returned to the reaction vessel 3 for further 
treatment. The remaining effluent, the liquid fraction, 
may be subjected to further treatment, "polishing", at 6 
to reduce the level of fine suspended solids, reduce the 
concentration of mineralised products or reduce the 

0 concentration of toxic compound before discharge of the 
final effluent, having a composition within the regulation 
limits, to the water course. 

As previously indicated, in addition to effecting 
aeration and mixing, the aerator arrangement 4 also has 
the effect of shearing some of the floes of bacteria in 
the sludge to provide loose bacterial cells and small floe 
particles. An embodiment of a venturi aerator adapted for 
this purpose is shown in Figures 2 and 3 . Unless 
otherwise indicated, all dimensions shown are in 
millimetres. Dimensions including the reference NB are 
nominal bore sizes with normal tolerances. 
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The input to the aerator 4c from the loop 4a 
comprises a tube 10 through which the sludge flows. The 
tube ends in a nozzle 12, of stainless steel, shown in 
greater detail in Figure 3* The nozzle 12 sits within a T 
joint 14, of carbon steel, one end of which is joined to 
the tube 10. The second end of the T joint 14 is joined 
to an inlet 16 through which air may enter the aerator 
4c. The third end of the T joint is joined, via a gate 
valve 18 to a carbon steel pipe 20 which leads to the 
reaction vessel 3. As sludge flows through the nozzle 12 
and into the T joint 14, its pressure energy is converted 
into kinetic energy by its acceleration through the 
nozzle. As the speed of the sludge increases, it tends to 
entrain air supplied via the air inlet 16. As previously 
discussed, self entrained air may be supplemented by air 
from a blower. 

As the aerated air flows through the pipe 20, it 

meets with a second constriction provided by a concentric 

reducer 22. Turbulence created within the concentric 

reducer by the constriction results in a region of high 

shear stress. As the aerated and turbulent sludge flows 

out of the concentric reducer 22, its pressure energy due 

to the constriction has been converted into kinetic energy 

by its acceleration through the constriction. The kinetic 

energy of the sludge is sufficient to shear floes of 

bacteria to increase the numbers of loose bacteria and 

small floe particles in the reaction vessel. These cells 

and small floe particles can then be consumed by higher 

organisms such as protozoa and rotifers, thereby 

increasing the population of these organisms and in effect 

increasing the rate of predation k^. 

The resulting increase in both k^ and k. 

e a 

enables a steady concentration of biomass to be achieved 
with higher values of so that overall repiration 
rates are increased converting organic material into 
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carbon dioxide and water. Recycling of the sludge through 
the aerator arrangement means that the sludge can remain 
in the system until substantially all of the organic 
material present has been converted into carbon dioxide 
and water. 

For a plant designed to treat, with a mean 
hydraulic residence time of 6 hours, unsettled sewage with 
an influent Chemical Oxygen Demand of 500 mg/1, at a 
volume flow rate of 14 00m'^/day then the aeration vessel 
is capable of holding a working volume of 4 00m"^ at a 
depth of 6 m. 

Mixed liquor in the aeration vessel is pumped 
through the aeration device at a rate of lOOm'^/h. Air 
is supplied to the aeration device at a rate of lOOOm^/h 
and a pressure of 1.5 bar gauge. On each pass of liquor 
through the aeration device the fluid motion and greater 
oxygen transfer across bacterial cell surface is achieved 
and a proportion of the floes are sheared. 

Modifications to the embodiment described within 
the scope of the present invention will be apparent to 
those skilled in the art. 
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CLAIMS 
1. 



A method of using micro-organisms to treat organic 
xnaterxal found in waste water, the method including the 

Steps of: ^ 

a) supplying waste water to a reaction zone for 

ITZVAIT^" °' "-^'^"^^ ""-^'^ ^" water 

Le to oror'"' ' °' °^ — 

frr^t^n; ' '"^ ''"^ ^ ^^^"^^^^ 

£rac=t^ "^r""'"' separated sludge 

fraction to the reaction zone; and 

rLcf """^^"^"9 - proportion of the bacteria in the 
reaction zone to modify the concentration of active 
bacteria in the reaction zone. 

2- A ..ethod according to claim 1 wherein the 

deactivating step uses non-che»ical means. 

nateriai*,!!^"^ °' -icro-organis.s to treat organic 

Tteps oi: " "'^ "^"'"'^ including the 

aLh. ;"PPlyi"9 "a"e water to a reaction zone for 
hTrL^rrtr - - ™- -er 

rLc*- ""^"'^"^"5 « proportion of the bacteria in the 
reaction zone by non-che„ical neans to Modify the 
concentration of active bacteria in the reaction zone. 

to produce a l^id frLtion anTa " ""^ 
- ^ . . ^ -"^ ^i^action and a separate sludge 

fractio°n T,"*""-^ "»>=1- °' the separated sludge 
fraction to the reaction zone. 
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5. A method according to any preceding claim wherein 
the organic material supplied is the waste water to the 
reaction zone is sufficient for the bacteria population of 
the reaction zone to be respiring as in a growth jihase. 

6. A method of using micro-organisms to treat organic 
material found in waste water, the method including the 
steps of : 

a) supplying waste water to a reaction zone for 
aerobic digestion of organic material in the waste water 
by bacteria; 

b) controlling the rate of supply of the waste water 
to be sufficient for the bacteria population of the 
reaction zone to be respiring as in a growth phase; and 

c) deactivating a proportion of the bacteria in the 
reaction zone to maintain constant the concentration of 
active bacteria in the reaction zone relative to the 
organic material . 

7. A method according to Claim 6 including the steps 
of removing a portion of the contents of the reaction zone 
to produce a liquid fraction and a separated sludge 
fraction and returning the whole of the separated sludge 
fraction to the reaction zone. 

8. A method according to Claim 6 or Claim 7 wherein 
the deactivating step uses non-chemical means. 

9 . A method according to any of Claims 6 to 8 wherein 
the organic material supplied in the waste water to the 
reaction zone is sufficient for the bacteria population of 
the reaction zone to be respiring as in an exponential 
growth phase. 
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10. A method according to Claim 5 wherein the organic 

material supplied in the waste water to the reaction zone 
is sufficient for the bacteria population of the reaction 
zone to be respiring as in an exponential growth phase. 

11- A method according to Claim 10 wherein the 

proportion of bacteria in the reaction zone being 
deactivated is sufficient to maintain the concentration of 
active bacteria in the reaction zone substantially 
constant relative to the organic material. 

12. A method according to any preceding Claim wherein 
bacteria are deactivated by breaking up floes of bacteria 
to provide loose bacterial cells and small floe particles 
in the reaction zone to enhance consumption of bacteria by 
higher organisms. 

13. A method according to claim 12 wherein a 
mechanical force is used to break up said floes. 

14 . A method according to claim 13 wherein the 
mechanical force generates a region of high shear stress. 

15. A method according to claims 13 or 14 wherein the 
mechanical force is generated by a jet of fluid. 

16. A method according to any one of claims 12 to 15 
wherein the bacteria are deactivated during aeration of 
the reaction zone. 

17. A method according to any preceding claim wherein 
sufficient oxygen is dissolved in the reaction zone that 
the aerobic digestion of organic material is limited by 
the availability of food substrate to the bacteria, so 
that endogenous respiration is enhanced. 
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18 . An apparatus for treating organic material found 
in waste water using micro-organisms, the apparatus 
comprising: 

a) a reaction zone arranged for aerobic digestion by 
bacteria of organic material in waste water supplied 
thereto ; 

b) removing apparatus for removing a portion of the 
contents of the reaction zone to produce a liquid fraction 
and a separated sludge fraction and for returning the 
whole of the separated sludge fraction to the reaction 
zone; and 

c) deactivating apparatus for deactivating a 
proportion of bacteria in the reaction zone to modify the 
concentration of active bacteria in the reaction zone. 

19. An apparatus according to claim 18 wherein the 
deactivating apparatus is non-chemical in action. 

20. An apparatus for treating organic material found 
in waste water using micro-organisms, the apparatus 
comprising: 

a) a reaction zone arranged for aerobic digestion by 
bacteria of organic material in waste water supplied 
thereto ; 

b) deactivation apparatus which is non-chemical in 
action for deactivating a proportion of bacteria in the 
reaction zone to modify the concentration of active 
bacteria in the reaction zone. 

21. An apparatus according to claim 2 0 comprising 
removing apparatus for removing a portion of the contents 
of the reaction zone to produce a liquid fraction and a 
separated sludge fraction and for returning the whole of 
the separated sludge fraction to the reaction zone. 
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22. An apparatus according to any of claims 18 to 21 
wherein the deactivating apparatus is arranged to generate 
a region of high shear stress in the liquor of the 
reaction zone to break up floes of bacteria to provide 
loose bacteria cells and small floe particles in the 
reaction zone. 

23. An apparatus according to claim 22 wherein the 
deactivating apparatus generates a jet of fluid. 

24. An apparatus according to claim 23 wherein the 
deactivating apparatus comprises a venturi aerator. 

25. An apparatus as claimed in claim 24 wherein the 
reaction aerator has a jet tube provided with a 
constriction at the outlet of the jet tube into the 
reaction zone. 
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